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FRPSRXQG WHFKQRORJ\ DQG IRUPLQJ WHFKQRORJ\ RI WKH /% FODG VWHHO SODWH DQG WKH FRUUHVSRQGLQJ
DFFXPXODWRUWDQNSHWDOV
7KHPDWHULDOVDQGPLFURVWUXFWXUHREVHUYDWLRQ
7KHUROOLQJFODGVWHHOSODWHVVWXGLHGLQWKLVSDSHUDUHFRQVLVWHGIURPWKHVKHDWKLQJSODWHPDGHIURP/VWDLQOHVV
VWHHODQGWKHEDVHSODWHRI%VWHHO,QWKHSUDFWLFDODSSOLFDWLRQVXFKDVLQWKHDFFXPXODWRUWDQNRIQXFOHDUSODQW
7KHEDVHSODWH%LVWKHPDLQEHDUHUOD\HUDQGWKHVKHDWKLQJSODWH/FRQWDFWLQJZLWKWKHFRUURVLRQPHGLXP
LVXVHGWRHQKDQFHWKHFRUURVLRQUHVLVWDQFHRIWKHFODGVWHHOSODWHV,QRUGHUWRREWDLQWKHPLFURVWUXFWXUHRIWKHFODG
VWHHO SODWHV WKHPHWDOORJUDSK\ ILOP QHDU WKH LQWHUIDFH RI WKH UROOLQJ FODG VWHHO SODWHV KDYH EHHQ REWDLQHG ILUVW DV
VKRZQ LQ)LJ  ,W FDQEHVHHQ IURP)LJ WKDW WKH LQWHUIDFHRI WKH UROOLQJFODGVWHHOSODWH LVD LVRSDFKRXV UHJLRQ
VDQGZLFKHGEHWZHHQWKHVKHDWKLQJSODWH/DQGEDVHPHWDO%,QRUGHUWRJHWWKHDYHUDJHWKLFNQHVVRIWKH
LQWHUIDFH UHJLRQ ZH FKRRVH  ORFDWLRQV WR GR WKH PHDVXUHPHQW ZKLFK DUH VKRZQ LQ 7DEOH DQG WKH DYHUDJH
WKLFNQHVVDUHILQDOO\REWDLQHGDVPP
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7DEOH7KHWKLFNQHVVRIFODGVWHHOSODWHLQWHUIDFHȝP
1R       $YHUDJHYDOXH
7KLFNQHVV       

)XUWKHUPRUH WKH GLVWULEXWLRQ IHDWXUH RI WKH HODVWLFPRGXOHV QHDU WKH LQWHUIDFH UHJLRQ KDYH DOVR EHHQ VWXG\ E\
HPSOR\LQJWKHQDQRKDUGQHVVWHVWHUDWWKHURRPWHPSHUDWXUH)LJVKRZVWKHUHODWLYHHODVWLFPRGXOHVGLVWULEXWLRQLQ
WKH FODG VWHHO SODWHV /% YHUWLFDO WR WKH LQWHUIDFHZKHUH WKH DEVFLVVD RULJLQ VWDQG IRU WKH FHQWHU RI WKH
LQWHUIDFH UHJLRQDQGU LV WKH UHODWLYHFRHIILFLHQW ,W FDQEHVHHQIURP)LJ WKDW WKH ODUJHVWHODVWLFPRGXOHVFDQEH
IRXQG LQ WKH UHJLRQRI WKHEDVHSODWH % VWHHO DQG WKH ORZHVW HODVWLFPRGXOHV DUH LQ WKH/VWDLQOHVV VWHHO
UHJLRQ7KHYDOXHRIUHODWLYHHODVWLFPRGXOHVQHDUWKHLQWHUIDFHLVEHWZHHQWKH%VWHHODQGWKH/VWDLQOHVVVWHHO
ZKLFKLVDERXW*3D


)LJ7KHGLVWULEXWLRQRIWKHHODVWLFPRGXOHVQHDUWKHLQWHUIDFHUHJLRQ
7KHORFDOPHFKDQLFDOWHVWVIRUWKHUROOLQJFODGVWHHOSODWHV/%
,QWKLVVHFWLRQWKHORFDOPHFKDQLFDODQGWKHZKROHPHFKDQLFDOWHVWVIRUWKHUROOLQJFODGVWHHOSODWHV/%
KDYHEHHQFDUULHGRXW WKRXJKWKHPRQRWRQLF WHVWV)RU WKHZKROHFODGVWHHOSODWHVVKHDWKLQJSODWH/VWDLQOHVV
VWHHO DQG EDVH SODWH PDWHULDO % VWHHO WKH PDFURVFRSLF PRQRWRQLF WHVWV KDYH EHHQ FRQGXFWHG DW GLIIHUHQW
WHPSHUDWXUHV6LQFHWKHFROGIRUPLQJSURFHVVRIWKHDFFXPXODWRUWDQNSHWDOVZLOOEHVLPXODWHGDQGHYDOXDWHGLQWKH
IROORZLQJ VHFWLRQV VR WKH PDFURVFRSLF PRQRWRQLF WHVWV IRU WKH VKHDWKLQJ SODWH DQG EDVH SODWH PHWDO DW WKH
WHPSHUDWXUHV FRUUHVSRQGLQJ WR WKH FROG IRUPLQJ SURFHVVZLOO EH LQWURGXFHG LQ WKH IROORZLQJ VHFWLRQV HJ URRP
WHPSHUDWXUHćDQGć)RUWKHLQWHUIDFHUHJLRQZKLFKLVWRRVPDOOWRFDUU\RXWWKHPDFURVFRSLFWHVW WKH
PLFURVFRSLF LQVLWXPRQRWRQLF WHVWDQG WKHGLJLWDO LPDJHFRUUHODWLRQ WHFKQRORJ\ZLOOEHHPSOR\HG WRJHW WKH ORFDO
PHFKDQLFDOEHKDYLRU
3.1. The macroscopic monotonic tests results at different temperature 
7KHPDFURVFRSLFPRQRWRQLFWHVWVIRUWKHZKROHFODGVWHHOSODWHVVKHDWKLQJSODWH/VWDLQOHVVVWHHODQGEDVH
SODWHPDWHULDO % VWHHO DW WKH WHPSHUDWXUH RI ć ć DQG ć KDYH EHHQ FDUULHG RXW RQ ,QVWURQ 
VHUYRK\GUDXOLFPDFKLQHHTXLSSHGZLWKDKHDWLQJIXUQDFH7KHFRQILJXUDWLRQRIVDPSOHVLQWKHPRQRWRQLFWHVWLVWKH
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SODWHVSHFLPHQZLWKDXQLIRUPJDXJHVHFWLRQRIPPLQZLGWKDQGPPLQOHQJWKDVVKRZQLQ)LJ$QGGXH
WRWKHGLPHQVLRQOLPLWDWLRQRIWKHUHDOPDWHULDOVWKHWKLFNQHVVIRUWKHZKROHFODGVWHHOSODWHVVKHDWKLQJSODWH/
VWDLQOHVVVWHHODQGEDVHSODWHPDWHULDO%VWHHODUHPPPPDQGPPUHVSHFWLYHO\)RUWKHSODWHVSHFLPHQRI
WKHZKROHFODGVWHHOSODWHVWKHWKLFNQHVVUDWLRELV,WVKRXOGEHPHQWLRQHGWKDWWKHUDWLREPHDQVWKHWKLFNQHVV
UDWLREHWZHHQ/VWDLQOHVVVWHHODQGWKH%VWHHOLQWKLVSDSHU'XULQJWKHWHQVLOHWHVWVWKHVWUDLQLVPRQLWRUHG
ZLWKWKHFOLSRQH[WHQVRPHWHUZLWKDQD[LDOPPJDXJHOHQJWKDWWDFKHGWRWKHWHVWVSHFLPHQLQWKHJDXJHVHFWLRQ
7KHVWUHVVLVPHDVXUHGGLUHFWO\E\DORDGFHOO)RUDOOWKHWHVWVWKHVWUDLQUDWHVRIVLVHPSOR\HG
)LJVVKRZWKHH[SHULPHQWDOVWUHVVVWUDLQFXUYHVRIWKHZKROHFODGVWHHOSODWHV/VWDLQOHVVVWHHODQG%
VWHHO DW GLIIHUHQW WHPSHUDWXUH UHVSHFWLYHO\ ,W FDQ EH FRQFOXGHG WKDW  IRU DOO WKH WKUHH PDWHULDOV WKH HODVWLF
PRGXOXV DQG LQLWLDO SODVWLF GHIRUPDWLRQ UHVLVWDQFH DW KLJK WHPSHUDWXUHV DUH PXFK VPDOOHU WKDQ WKRVH DW URRP
WHPSHUDWXUHć7KHUHLVDREYLRXV\LHOGSODWIRUPLQWKHVWUHVVVWUDLQFXUYHRIERWKWKH%VWHHODQGWKH
ZKROHFODGVWHHOSODWHVDWWKHVDPHWHPSHUDWXUHWKHEDVHPHWDO%VWHHOH[KLELWWKHKLJKHVWWHQVLOHVWUHQJWKLQ
WKH WKUHH PDWHULDOV DQG WKH WHQVLOH VWUHQJWK RI WKH ZKROH FODG VWHHO SODWHV LV EHWZHHQ WKH % VWHHO DQG /
VWDLQOHVVVWHHO


)LJ*HRPHWU\RIWKHWHQVLOHWHVWVVDPSOH

)LJ0RQRWRQLFWHQVLOHFXUYHVRIWKH/VWDLQOHVVVWHHODWGLIIHUHQWWHPSHUDWXUH
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
)LJ0RQRWRQLFWHQVLOHFXUYHVRIWKH%VWHHODWGLIIHUHQWWHPSHUDWXUH

)LJ0RQRWRQLFWHQVLOHFXUYHVRIWKHUROOLQJFODGVWHHOSODWHVDWGLIIHUHQWWHPSHUDWXUH
3.2. The microscopic monotonic tests for the interface region at room temperature 
,QWKLVVHFWLRQWKHPRQRWRQLFWHQVLOHWHVWFRPELQHGWKHGLJLWDOLPDJHFRUUHODWLRQ',&WHFKQRORJ\ZHUHXVHGWR
REWDLQWKHVWUHVVVWUDLQUHODWLRQRIWKHLQWHUIDFHUHJLRQDWURRPWHPSHUDWXUH)LUVWDVVKRZQLQ)LJDVPDOOVDPSOH
ZLWKWKHLQWHUIDFHUHJLRQLQFHQWHUDQGDXQLIRUPJDXJHRIPPOHQJWKZDVSUHSDUHGIRUWKHVLWXPRQRWRQLFWHVW7KH
IDFH RI WKH VDPSOH KDV EHHQPHFKDQLFDOO\ SROLVKHG DQG HWFKHG'XULQJ WKHPRQRWRQLF WHQVLOH WHVW YHUWLFDO WR WKH
LQWHUIDFHVLGHOLQHWKHGLJLWDOLPDJHVRIWKHWHVWVSHFLPHQVXUIDFHEHIRUHDQGDIWHUGHIRUPDWLRQLVUHFRUGHGE\WKHLQ
VLWX6(0ORDGIUDPH7KHQ',&ZDVXVHGWRDQDO\VHWKHORFDOGHIRUPDWLRQDWWKHPLFURVWUXFWXUHOHQJWKVFDOHE\WKH
FRPPHUFLDO LPDJH DQDO\VLV VRIWZDUHYLF' DQG WKH GLVWULEXWLRQRISODVWLF VWUDLQ QHDU WKH LQWHUIDFH UHJLRQ LQ WKH
ORDGLQJGLUHFWLRQLVVKRZQLQ)LJ)XUWKHUPRUHDFFRUGLQJWRWKHDSSOLHGORDGLQJPDJQLWXGHDQGWKHHODVWLFPRGXOH
IURPWKHQDQRLQGHQWDWLRQWHVWWKHVWUHVVVWUDLQUHODWLRQRIWKHLQWHUIDFHUHJLRQDWURRPWHPSHUDWXUHFDQEHREWDLQHG
DQGVKRZQLQ)LJ,WFDQEHVHHQIURP)LJWKDWWKHSODVWLFGHIRUPDWLRQUHVLVWDQFHRIWKHLQWHUIDFHUHJLRQLVMXVW
EHWZHHQWKDWRIWKH/VWDLQOHVVVWHHODQG%VWHHO
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)LJ*HRPHWU\RIWKHVPDOOVDPSOH

)LJ7KHFRQWRXURIWKHSODVWLFVWUDLQDWWKHORDGLQJGLUHFWLRQQHDUWKHLQWHUIDFHUHJLRQ

)LJ0RQRWRQLFWHQVLOHFXUYHVRIWKHLQWHUIDFHUHJLRQDWURRPWHPSHUDWXUH
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)LQLWHHOHPHQWPRGHOIRUWKHIRUPLQJVLPXODWLRQDQGYDOLGDWLRQRIWKHPHFKDQLFDOSDUDPHWHUV
,Q ODVW VHFWLRQ WKH ORFDO PHFKDQLFDO DQG WKH ZKROH PHFKDQLFDO EHKDYLRU RI WKH UROOLQJ FODG VWHHO SODWHV
/% KDYH EHHQ REWDLQHG WKRXJK WKHPRQRWRQLF WHVWV DW GLIIHUHQW WHPSHUDWXUHV ,Q WKLV VHFWLRQ WKH FROG
IRUPLQJSURFHVVRIWKHDFFXPXODWRUWDQNSHWDOVZLOOEHVLPXODWHG$FFRUGLQJWRWKH$60(,,,1'FRGHWKHIRUPLQJ
SURFHVVRI WKHDFFXPXODWRU WDQNSHWDOVFDQEHHTXLYDOHQW WR WKHSURFHVVRIDSSO\LQJDHTXLYDOHQWUHVLGXDOVWUDLQRI
GXULQJZKLFKWKHVWUDLQUDWHLVV6RLQWKLVSDSHUDUHFWDQJXODUSDUDOOHOHSLSHGFODGVWHHOSODWHVZLWKD
WKLFNQHVVRIPPOHQJWKRIPPDQGWKLFNQHVVUDWLRERIZKLFKZDVVKRZQLQ)LJZDVHVWDEOLVKHGE\
WKHILQLWHHOHPHQWFRGH$%$486IRUWKHIRUPLQJVLPXODWLRQRIWKHDFFXPXODWRUWDQNSHWDOV$LQWHUIDFHOD\HUZLWK
WKH WKLFNQHVV RI ǂP LV FRQVLGHUHG LQ WKH PRGHO ,Q WKH ILQLWH HOHPHQW VLPXODWLRQ SURFHVV WKH SODWHV ZDV
GLYLGHGE\WKH'VROLGHOHPHQWDQGWKHFROGIRUPLQJSURFHVVRIWKHDFFXPXODWRUWDQNSHWDOVLVHTXLYDOHQWWRWKUHH
VWHSV,QWKHILUVWVWHSDHTXLYDOHQWVWUDLQZKLFKZLOOSURGXFHUHVLGXDOVWUDLQZLOOEHDSSOLHGRQWKH$%&'VLGH
RIWKHILQLWHHOHPHQWPRGHOVKRZQLQ)LJZKLOHWKHIL[FRQVWUDLQWZDVDSSOLHGRQWKHRSSRVLWHVLGH$
%
&
'
,Q
WKH VHFRQG VWHS WKH VSULQJEDFN DQDO\VLVZLOO EH FRQGXFWHG WRJHW WKH UHVLGXDO VWUDLQRI)LQDOO\ WKH VWUHVV
UHPRYDOKHDW WUHDWPHQWSURFHVVVKRZQLQ)LJZLOOEHVLPXODWHG WRJHW WKHILQDOVWUHVVVWUDLQILHOGIRU WKHVDIHW\
HYDOXDWLRQ


)LJ7KHILQLWHHOHPHQWPRGHO

)LJ7KHVFKHPDWLFGLDJUDPIRUWKHVWUHVVUHPRYDOKHDWWUHDWPHQWSURFHVV

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,QWKHVLPXODWLRQSURFHVV WKHPDWHULDOPHFKDQLFDOSDUDPHWHUVIRUWKHVKHDWKLQJSODWH/VWDLQOHVVVWHHO WKH
EDVHSODWHPDWHULDO%VWHHODQGWKHLQWHUIDFHUHJLRQDUHDOOREWDLQHGIURP6HFWLRQ,WVKRXOGEHHPSKDVL]HG
WKDWRQO\ WKHPDWHULDOPHFKDQLFDOSDUDPHWHUV IRU WKH LQWHUIDFH UHJLRQDW URRP WHPSHUDWXUHKDYHEHHQREWDLQHG LQ
VHFWLRQ  GXH WR WKH H[SHULPHQWDO OLPLWDWLRQ+RZHYHU KLJK WHPSHUDWXUHZLOO EH LQYROYHG LQ VWUHVV UHPRYDO KHDW
WUHDWPHQW VLPXODWLRQV LQ WKH IRUPLQJ SURFHVV $QDORJ\ LQWHUSRODWLRQ PHWKRGV ZHUH DGRSWHG WR JHW WKH PDWHULDO
PHFKDQLFDO SDUDPHWHUV IRU WKH LQWHUIDFH UHJLRQ DW KLJK WHPSHUDWXUH LQ WKLV SDSHU 7KH FRHIILFLHQW RI WKHUPDO
H[SDQVLRQDQG WKHUPDOFRQGXFWLYLW\XVHG LQ WKHVLPXODWLRQIRU WKHPDWHULDORI%VWHHODQG/VWDLQOHVVVWHHO
ZHUHIURPWKDWRIWKHORZDOOR\VWHHOVDQGKLJKDOOR\VWHHOVVXSSOLHGLQWKH$60(,,')XUWKHUPRUHWKHFUHHS
EHKDYLRUZDVFRQVLGHUHGLQWKLVSDSHUGXHWRWKHKLQVXODWLRQLQWKHVWUHVVUHPRYDOKHDWWUHDWPHQWSURFHVVDQGWKH
UHODWLYHFUHHSSDUDPHWHUVFRUUHVSRQGLQJWRWKHFUHHSFRQVWLWXWLYHPRGHOHF AVn tsDUHVKRZQLQ7DEOH
7DEOH7KHFUHHSSDUDPHWHUV
0DWHULDO ć ć
%
/
,QWHUIDFHUHJLRQ
Ar (nr sr 
AU (nr sr 
Ar (nr sr 
AU (nr sr 
AU (nr sr 
AU (nr sr 

,QRUGHU WRFRQILUP WKHPHFKDQLFDOSDUDPHWHUV WKHPRQRWRQLF WHQVLOHEHKDYLRURI WKH ZKROH UROOLQJFODGVWHHO
SODWHV /%DWGLIIHUHQW WHPSHUDWXUHZDVVLPXODWHGE\FRQVWUXFWLQJD ILQLWHHOHPHQWPRGHOZLWK WKH VDPH
VKDSHDVWKHVDPSOHVKRZQLQ)LJZKLFKLVIRUWKHFODGVWHHOSODWHV7KHVLPXODWHGVWUHVVVWUDLQFXUYHIRUWKHZKROH
FODGVWHHOSODWHVDUHVKRZQ LQ)LJ ,WFDQEHVHHQ WKDW WKHVLPXODWLRQVDJUHHZHOOZLWK WKDWRI WKHFRUUHVSRQGLQJ
H[SHULPHQWDOUHVXOWVDWDOOWKHWHPSHUDWXUHVWKHPHFKDQLFDOSDUDPHWHUVDGRSWHGLQWKLVSDSHULVUHDVRQDEOH
7KHVLPXODWHGUHVXOWVDQGGLVFXVVLRQV
%DVHGRQWKHILQLWHHOHPHQWPRGHODQGPHFKDQLFDOSDUDPHWHUVLQWURGXFHGLQ6HFWLRQWKHFROGIRUPLQJSURFHVV
RIWKHDFFXPXODWRUWDQNSHWDOVZDVVLPXODWHGDQGHYDOXDWHG$IWHUWKHWKUHHVWHSVLQWURGXFHGLQVHFWLRQWKHVWUHVV
GLVWULEXWLRQ LQ WKH UROOLQJ FODG VWHHO SODWHV /% DW WKH ORDGLQJ GLUHFWLRQ ZDV VKRZQ LQ )LJDF
UHVSHFWLYHO\,WFDQEHVHHQIURP)LJWKDWDIWHUWKHILUVWORDGLQJVWHSWKHVWUHVVGLVWULEXWLRQLVXQLIRUPLQERWK
WKHVKHDWKLQJSODWH/VWDLQOHVVVWHHODQGWKHEDVHSODWHPDWHULDO%VWHHO WKHVWUHVVUHVSRQVHLQ WKH%
VWHHOLVELJJHUWKDQWKDWLQWKH/VWDLQOHVVVWHHODIWHUWKHVSULQJEDFNDQDO\VLVWKHPRGHOLVEHQGHGGXHWRWKH
GLIIHUHQWGHIRUPDWLRQ UHVLOLHQFHYDOXH LQGLIIHUHQWPDWHULDOV DQG WKH VWUHVV LV UHGLVWULEXWHG LQ WKH UROOLQJFODG VWHHO
SODWHV/%$IWHUWKHVWUHVVUHGLVWULEXWLRQWKHPD[LPXPVWUHVVIRFXVHGQHDUWKHLQWHUIDFHUHJLRQILQDOO\
DIWHUWKHVWUHVVUHPRYDOKHDWWUHDWPHQWSURFHVVWKHVWUHVVFRQFHQWUDWLRQQHDUWKHLQWHUIDFHEHFDPHPRUHVHULRXVDQG
WKHVWUHVVPDJQLWXGHUHDFKHGDERXW03D
,QUHDOHQJLQHHULQJDSSOLFDWLRQVVKHDUVWUHVVQHDUWKHLQWHUIDFHUHJLRQLVWKHPRVWLPSRUWDQWLVVXHIRUWKHVDIHW\
HYDOXDWLRQ RI WKH IRUPLQJ SURFHVV RI WKH FODG VWHHO SODWHV 7KH UHODWLYH VKHDU VWUHVV GLVWULEXWLRQ FXUYHV LQ WKH
WKLFNQHVVGLUHFWLRQDIWHUWKHDERYHPHQWLRQHGWKUHHVWHSVZHUHVKRZQLQ)LJ,WLVVKRZQWKDWDIWHUWKHILUVWWZR
VWHSVVOLJKWVKHDUVWUHVVZDVJHQHUDWHGFRPSDULQJZLWKWKDWDIWHUWKHWKLUGVWHS$IWHUWKHWKLUGVWHSODUJHVKHDUVWUHVV
ZDV JHQHUDWHG DQG WKH PD[LPXP UHODWLYH VKHDU VWUHVV IRFXVHG QHDU WKH LQWHUIDFH UHJLRQ ZLWK D PDJQLWXGH RYHU
03D&RPSDULQJZLWKWKHUHODWLYHDOORZDEOHVKHDUVWUHVVRI03DWKHIRUPLQJSURFHVVLVVDIH

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



)LJ7KHVWUHVVGLVWULEXWLRQLQWKHUROOLQJFODGVWHHOSODWHVDIWHUHDFKORDGLQJVWHS

(b)(b)
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
)LJ7KHUHODWLYHVKHDUVWUHVVGLVWULEXWLRQFXUYHVLQWKHWKLFNQHVVGLUHFWLRQDIWHUHDFKORDGLQJVWHS
&RQFOXVLRQV
,QWKLVSDSHUWKHORFDOPHFKDQLFDOEHKDYLRURIWKHUROOLQJFODGVWHHOSODWHV/%XVHGLQWKHDFFXPXODWRU
WDQNRIQXFOHDUSODQWKDYHEHHQVWXGLHGIURPWKHPLFURVFRSLFDQGPDFURVFRSLFWHVWVDWGLIIHUHQWWHPSHUDWXUH7KHQ
WKH FROG IRUPLQJ SURFHVV RI WKH DFFXPXODWRU WDQN SHWDOV KDV EHHQ VLPXODWHG E\ XVLQJ WKH ILQLWH HOHPHQW FRGH
$%$486,WLVVKRZQWKDW
)RUWKHZKROHFODGVWHHOSODWHVVKHDWKLQJSODWH/VWDLQOHVVVWHHODQGEDVHSODWHPDWHULDO%VWHHOWKH
HODVWLFPRGXOXVDQGLQLWLDOSODVWLFGHIRUPDWLRQUHVLVWDQFHDWKLJKWHPSHUDWXUHVDUHPXFKVPDOOHUWKDQWKRVHDWURRP
WHPSHUDWXUH
$WWKHVDPHWHPSHUDWXUHWKHEDVHPHWDO%VWHHOH[KLELWWKHKLJKHVWWHQVLOHVWUHQJWKLQWKHWKUHHPDWHULDOV
DQGWKHWHQVLOHVWUHQJWKRIWKHZKROHFODGVWHHOSODWHVDQGWKHLQWHUIDFHUHJLRQLVEHWZHHQWKH%VWHHODQG/
VWDLQOHVVVWHHO
7KH FROG IRUPLQJ SURFHVV RI WKH RI WKH DFFXPXODWRU WDQN SHWDOV PDGH IURP WKH UROOLQJ FODG VWHHO SODWHV
/%FRQVLGHUHGLQWKLVSDSHULVVDIH$QGWKHELJJHVWVKHDUVWUHVVJHQHUDWHGDIWHUWKHVWUHVVUHPRYDOKHDW
WUHDWPHQWSURFHVVZKLFKLVQHDUWKHLQWHUIDFHUHJLRQ
$FNQRZOHGJHPHQWV
7KH DXWKRUV DUH JUDWHIXO IRU WKH VXSSRUWV SURYLGHG E\ WKH 1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD
  WKH )XQGDPHQWDO 5HVHDUFK )XQGV IRU WKH &HQWUDO 8QLYHUVLWLHV 5 DQG WKH 6SHFLDOL]HG
5HVHDUFK)XQGIRUWKH'RFWRUDO3URJUDPRI+LJKHU(GXFDWLRQ65)'3
5HIHUHQFHV
>@ '(PEXU\2%RXD]L]6WHHO%DVHG&RPSRVLWHV'ULYLQJ)RUFHVDQG&ODVVLILFDWLRQV$QQXDO5HYLHZRI0DWHULDOV5HVHDUFK

>@ &6RQJ7/LQ3+H:<DQJ'-LD -)HQJ0LFURVWUXFWXUHHYROXWLRQDQG LWVHIIHFWRQ WKHPHFKDQLFDOSURSHUWLHVRI WKH=U&±6L&
FRPSRVLWHMRLQWGLIIXVLRQERQGHGZLWKSXUH1LIRLO&HUDPLFV,QWHUQDWLRQDO
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>@ $'XUJXWOX+2NX\XFX%*XOHQF ,QYHVWLJDWLRQRIHIIHFWRI WKHVWDQGRIIGLVWDQFHRQ LQWHUIDFHFKDUDFWHULVWLFVRIH[SORVLYHO\ZHOGHG
FRSSHUDQGVWDLQOHVVVWHHO0DWHULDOVDQG'HVLJQ
>@ .6/HH'+<RRQ+..LP(IIHFWRIDQQHDOLQJRQWKHLQWHUIDFHPLFURVWUXFWXUHDQGPHFKDQLFDOSURSHUWLHVRID676$O0JSO\FODG
VKHHW0DWHULDOV6FLHQFHDQG(QJLQHHULQJ$
>@ 6 =KDQJ + ;LDR + ;LH 7KH SUHSDUDWLRQ DQG SURSHUW\ UHVHDUFK RI WKH VWDLQOHVV VWHHOLURQ VFUDS FODG SODWH -RXUQDO RI 0DWHULDOV
3URFHVVLQJ7HFKQRORJ\
>@ 61DPEX00LFKLXFKL-,QRXH7.RVHNL(IIHFWRILQWHUIDFLDOERQGLQJVWUHQJWKRQWHQVLOHGXFWLOLW\RIPXOWLOD\HUHGVWHHOFRPSRVLWHV
&RPSRVLWHV6FLHQFHDQG7HFKQRORJ\
>@ ( $WDVR\ 1 .DKUDPDQ 'LIIXVLRQ ERQGLQJ RI FRPPHUFLDOO\ SXUH WLWDQLXP WR ORZ FDUERQ VWHHO XVLQJ D VLOYHU LQWHUOD\HU 0DWHULDOV
&KDUDFWHUL]DWLRQ
>@ .6/HH-6.LP<0-R6(/HH-+HR<:&KDQJ,QWHUIDFHFRUUHODWHGGHIRUPDWLRQEHKDYLRURIDVWDLQOHVVVWHHO$O±0JSO\
FRPSRVLWH0DWHULDOV&KDUDFWHUL]DWLRQ
>@ &6RQJ7/LQ3+H:<DQJ'-LD -)HQJ0LFURVWUXFWXUHHYROXWLRQDQG LWVHIIHFWRQ WKHPHFKDQLFDOSURSHUWLHVRI WKH=U&±6L&
FRPSRVLWHMRLQWGLIIXVLRQERQGHGZLWKSXUH1LIRLO&HUDPLFV,QWHUQDWLRQDO
>@ +' 0DQHVK $. 7DKHU %RQG VWUHQJWK DQG IRUPDELOLW\ RI DQ DOXPLQXPFODG VWHHO VKHHW -RXUQDO RI $OOR\V DQG &RPSRXQGV

>@ ,. .LP 6, +RQJ 5ROOERQGHG WULOD\HUHG 0J$OVWDLQOHVV VWHHO FODG FRPSRVLWHV DQG WKHLU GHIRUPDWLRQ DQG IUDFWXUH EHKDYLRU
0HWDOOXUJLFDODQG0DWHULDOV7UDQVDFWLRQV$
